Abstract The ultimate objective of the current work is to examine the effect of thickness on fiberglass reinforced epoxy matrix subjected to high velocity impact loading. The composite material chosen for this research was from type C-glass/epoxy 200 g/m 2 and type C-glass/epoxy 600 g/m 2 . This material is used as a composite reinforcement in high performance applications since it provides certain advantages of specific high strength and stiffness as compared to metallic materials. This study investigates the mechanical properties, damage characterisation and impact resistance of both composite structures, subjected to the changes of impact velocity and thickness. For mechanical properties testing, the Universal Testing Machine (UTM) was used while for the high velocity impact, a compressed gas gun equipped with a velocity measurement system was used. From the results, it is found that the mechanical properties, damage characterisation and impact resistance of type C-glass/Epoxy 600 g/m 2 posses better toughness, modulus and penetration compared to type C-glass/Epoxy 200 g/m 2 . A general trend was observed on the overall ballistic test results which indicated that as the plate specimen thickness continues to increase, the damage at the lower skin decreases and could not be seen. Moreover, it is also found that, as the plate thickness increases, the maximum impact load and impact energy increases relatively. Impact damage was found to be in the form of perforation, fibre breakage and matrix cracking. Results from this research can be used as a reference in designing structural and body armour applications in developing a better understanding of test methods used to characterise impact behaviour.
Introduction
A composite is defined as a material which has two or more different elements that when combined, produce a stronger, stiffer, tougher and more durable material than the individual elements. They are used not only for their structural properties, that are best for the application of weight-to-strength ratio, but also for electrical, thermal, tribological and for environment applications [1] [2] . The most common man-made composites can be divided into three main categories: Polymer Matrix Composites (PMC), Metal Matrix Composites (MMC) and Ceramic Matrix Composites (CMC) [3] [4] [5] [6] . PMC are commonly used in structurally-related applications and are commonly referred to as FRP, Fibre Reinforced Polymers, or more generically -Fibre Reinforced Plastics. These materials utilise a polymer-based resin as the matrix and combination of a few types of fibres (such as glass, carbon and aramid) as the reinforcement agent. The second type of composite that is increasingly being used in the automotive industry is the MMC. These materials use metals, such as aluminium, as the matrix, to provide strength, combined with fibres, such as Silicon Carbide, as the reinforcement. For applications related to very high temperature environments, such as rocket and jet engines, ceramic matrix composites are used [7] . CMC are produced by using a ceramic as the matrix and are reinforced with short fibres or whiskers, such as Silicon Carbide and Boron Nitride [8] [9] . When composites were introduced into the manufacture of aircraft components and structures, damage from unexpected impacts proved to be a problem. Such impacts arose during flight operations from runway debris [10] [11] [12] , bird strikes in service, and from dropping of hand tools during maintenance work [11, 13] . The ballistic impact of a bullet that can penetrate the material and bird strikes that take place at high speeds are examples of impact loads that may result in very serious damage. On the other hand, dropped tools and runaway debris that occur at relatively low velocity may also lead to damage. In structurally-related applications, composite materials have to withstand four main direct loading types, i.e. tension, compression, shear and flexure. Damage produced by impact may be serious especially if composites are subjected to compression loading. Many engineering applications and structures which use these composites are subject to impact loads that may compromise the structural integrity of the composites and will lead to failure. Extensive efforts have been taken by researchers to investigate the variation of mechanical properties for the impacted composites.
Aims and Objectives of the Study
The general objective of this study is to conduct an experimental investigation subjected to changes in the test specimen thickness and velocity using a compressed single stage gas gun. The test specimen is modeled as a square plate with the dimension of 100 mm × 100 mm and thickness of 6 mm, 8 mm, 10 mm and 12 mm. Experimental procedures were carried out at the INTROB and Ballistic Lab, Advanced Institute of Technology, Universiti Putra Malaysia. The specific objectives of this study are stated as follows: (a) To determine the mechanical properties of Type C-glass/Epoxy 200 g/m 2 and Type C-glass/Epoxy 600 g/m 2 using the ASTM D3039 standard from tensile test using the Universal Testing Machine. These can be used as an input data for computational works for the purpose of validation. (b) To examine the impact load, impact energy, impact resistance, penetration behaviour and the effect of high impact loading corresponding to different thickness and velocity between the two types of fibreglasses by a compressed single stage gas gun using blunt type bullets.
Materials and Test Specimens
Material used for this research work is C-type fibreglass with 200 g/m 2 and 600 g/m 2 as shown in Figure 1 . The purposes of selecting this material are as given below: (a) Cost is often the deciding factor in choosing an appropriate type of material. In the ballistic field, there are many types of material that have been used. Some researchers have conducted studies on materials such as kevlar, carbon fibres, aramid fibres, S-type and E-type fibreglasses to find out their performance in the ballistic field. But, in terms of price, they are much more expensive. Therefore, in this research study, C-type fibreglass has been chosen as the low cost material. (b) Another factor for this selection is the availability of the material. Since there is a great demand on carbon fibres from the Airbus Industry, there is a restriction that makes it difficult to purchase this material. Therefore due to it's availability in chosen as the replacement for the carbon fibres for this research study. (c) Thermal the world's market, C-type of fibreglass has been properties of the fibre is another factor that effects the selection for this material. C-type fibreglass performs as good as the other material, such as kevlar, carbon fibre and aramid in high temperature applications. Since this study is more concerning to ballistic impact, therefore the materials that perform well in high temperature applications should be considered. woven cloths is much more constricted, the process of cutting the cloths needs a lot of patience. This is because fibres can easily be removed from its original positions when the edges are cut. Furthermore, the hardness of the fibre in term of strength is relatively low due to smaller fibre size. Therefore, there is a need to study the fibre's effectiveness in terms of fibre hardness between these two types of fibreglasses in overcoming the bullet penetration subjected to high velocity impact loading.
Composite Specimen Fabrication
Square plate size geometry has been chosen as the test specimen in the impact testing events. The purpose of this selection is due to the design of catch chamber in the gas gun itself as shown in Figure  2 . The process used was the hand lay up technique. This was found suitable for laying up the woven fibre cloth which is called contact moulding. It is a production technique suitable for prototypes and low volume production of fibre composite material parts. In this process, it is easy to control fibre orientation. Furthermore, the process is very flexible as it can produce a very small up to even a very large part of different kinds of geometry. fibreglasses being cut for this fabrication process. The purpose of selecting this dimension is that, by the end of the fabrication process, the required test specimen will be cut into 100 mm × 100 mm squares plates for testing purposes, which will be placed in the catch chamber unit for firing. The following approach will be the preparation of a suitable surface and set up area. In order to produce a smooth surface for all the square plate, a glazing wax is applied thoroughly to all the surfaces. This will prevent the composite from sticking to the surface area once it is cured. The glazing wax is applied to the table surfaces and both sides of the glasses. The following step will be the matrix preparation process. The matrix material is prepared from the commercially available thermosetting resin, which is epoxy with hardener. Both the epoxy and hardener are from type WM-215TA and WM-215TB respectively and it is from a modified epoxy resin generally used for lay up coats that cure at room temperature. The low viscosity allows easy handling and gives good wetting of reinforcements and substrates. The physical properties of the matrix are given in Table 1 . The process of preparing the compound is based on the 4:1 ratio that is 4 portions of epoxy to 1 portion of hardener. The compounds are a homogeneous mixture and were mixed accordingly to the indicated ratio.
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New Materials, Applications and Processes Normal health and safety precautions should be observed when handling these products because the fibre debris could cause health problems. Once the homogeneous mixtures were produced, the compound should be laid up within 20-30 minutes. If this time frame was not observed, the mixture will harden and could not be used for laying up. The next step will be the material laying up process.
To make sure a smooth and consistent square plate is produced, the techniques of laying up should be taken into consideration. Once the glasses have been applied with the matrix, the fibre cloth is laid up one by one to avoid vacuum from occurring at the composite plate. The next process is performed depending on the composite thickness. If the thickness is 6 mm, the amount of fibre cloth will be 26 pieces for 200 g/m 2 and 11 pieces for 600 g/m 2 respectively. Numbers of layers for other thicknesses were tabulated in Table 2 . Once the entire thickness is achieved, the composite undergoes squeezing process where the access amount of matrix will be squeezed out by using a flat and long object such as a stainless steel ruler. Finally, once the squeezing process has been done, the composite will now undergo the last stage, which is the curing stage. In this stage, the composite needs at least 48 hours to cure at room temperature before removal of the mould can be done to complete the fabrication process. To implement this, weight has been distributed throughout the composite. Each composite are cast in 300 mm × 300 mm square plate moulds with thickness of 6 mm, 8 mm, 10 mm and 12 mm. All the cured specimen will be cut into smaller sections of square plate which has the dimensions of 100 mm × 100 mm for testing purposes as shown in Figure 4 . High Velocity Impact Testing A single stage gas gun was used to perform the tests. The rig consisted of a pressure reservoir unit, the firing mechanism unit, the launching unit, the catch chamber unit and the velocity measurement unit as illustrated in Figure 5 . The gun is projected to have the capacity to launch a projectile with muzzle velocity (i.e. projectile discharge) of less than 700 m/s at a reservoir tank pressure of 150 bar. Higher velocity is possible if a lighter projectile and a higher reservoir pressure were to be used. Figure 5 . A schematic view of the gas gun which consists of five major parts that are the pressure reservoir unit, the firing mechanism unit, the launching unit, the catch chamber unit and the velocity measurement unit.
Results and Discussion
There were a total of 144 specimens of square plates with the dimension of 100 mm × 100 mm being fabricated for the high velocity impact test. There were two types of velocity being tested which are the 200 m/s and 250 m/s for each type of the fibreglasses. These two velocities were taken from two different types of velocity ranges that are high velocity and ballistic velocity respectively. For each velocity and type, several different types of thicknesses were tested, such as 6 mm, 8 mm, 10 mm and 12 mm. For each of the thicknesses, 9 specimens were being fabricated and tested. The selections of the test specimen's geometry were based on the National Institute of Justice (NIJ)-Third Status Journals to the Attorney General on Body Armour Safety and Structural Application Initiative Testing and Activities. For reasons of space, only the results tested at 200 m/s will be discussed here. Furthermore, results obtained from the material testing will be disscused elsewhere. 
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Results for Type C-glass/Epoxy 200 g/m2 at velocity of 200 m/s
The results from ballistic tests were obtained at the same test condition. The average mass of projectile being launched was 10.66 g while the specimens were fabricated at the same orientation, which is 0º degrees for all the thicknesses. The overall results of the test specimens are presented in Figure 6 . The above graph illustrates that, the maximum impact load for the 6 mm thickness was detected at 2488.95 N while for 8 mm, 10 mm and 12 mm thickness, the impact load were found at 2861.22 N, 3208.25 N and 3500.92 N, respectively. These results can be verified by using equation 1, where u p is the instantaneous projectile velocity and x p is the corresponding distance travelled by the projectile.
The trend of these results obtained were similar compared to the earlier research conducted by Cantwell et al [14] who stated that the higher the thickness, the greater the impact loads obtained. The type of damage for each thickness is concluded in Table 3 . The damage was observed microscopically using the microscope. From the test specimen inspection as shown in Figure 7 , it depicts that the higher the impact load, the greater the damage at the contact area of the projectile. The damage area increases as the thickness and impact load increases. The estimation values of the damage area are also given in the figure. The functions of the graph in Figure 6 were later being integrated by using equation 2 (where F and V respectively represent the instanteneous load and velocity) to construct the impact energy as shown in The above chart shows that the impact energy increases as the impact load and thickness increases. For 6 mm and 8mm thicknesses, the impact energy reported to be at 17.83 J and 21.50 J, respectively, while 10 mm and 12 mm thickness, the impact energy were at 25.57 J and 30.47 J respectively. As the impact energy increases, the damage area of the impacted surface also increases proportionally [14] and can be verified by using equation 3 (where P is the central force, L is the length of the beam and U is the strain energy).
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Therefore, from these test results, it is found that, as the thickness of the specimen increases, the impact load and impact energy also increases resulting an increase of damage area. Referring to Figure 9 , it is seen that, there are two types of fibreglasses from Type-C and Type-E respectively being tested at different layers. The dotted line refers to fiberglass Type-E while solid line refers to fiberglass Type-C. The results obtained from this current research were similar to the results obtained by Cantwell in term of the result's trend. 
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The types of damage observed are presented in Table 4 . It was found that none of the specimens were penetrated by the projectile at any thickness level. But, there were damages detected at the center of the contact area of the projectile. It was also found that there was no damage or deformation revealed at the projectile. Figure 11 shows the damage area detected at the test specimens. It was found that, as the thickness of the plate increased, the damage area of the test specimens also increased due to the toughness of the fiber lay up in the specimens. This is because the more layers of fibre being laid, the test specimens becomes stronger and tougher. The functions of the graph in Figure 10 were later being integrated by using equation 2 to construct the impact energy as shown in Figure 12 . From this figure, it shows that at 6 mm thickness, the amount of energy absorbed was 85.53 J while for 8 mm thickness, it was 96.80 J. For 10 mm and 12 mm thicknesses, the impact energy was 111.63 J and 128.37 J, respectively. The amount of energy absorbed for Type C-glass/Epoxy 600 g/m 2 was greater compared to Type C-glass/Epoxy 200 g/m 2 due to the toughness of the woven fibre. It can be concluded that the higher the amount of energy impact, the damage area of the impacted surfaces also increases proportionally. 
Conclusions
It is found that the projector's head does not punch through any of the specimens at any thicknesses and velocity. This scenario occurs for all the specimens of fibreglass for both types. There were two types of surface damage area being examined which are front and back face microscopical examination. For the front face microscopical examination, most of the specimens show damage at the contact area of the projectile. Perforation and indentation can be seen for Type C-glass/Epoxy 200 g/m 2 of specimens at 6 mm and 8 mm thickness, which are in the form of fibre breakage, fibre cracking and matrix cracking as being observed and found to be at the center of the specimen.Delamination which is the separation of laminates into layers was suspected as the prominent damage occurring in both types of fibreglasses, mostly for specimens at 6 mm and 8 mm thicknesses. Shear failure also have been found at the damage region as the projectile head punched the plate specimen. For 10 mm and 12 mm thickness of Type C-glass/Epoxy 200 g/m 2 specimens, only slight indentation, occurred at the impact point. But for the Type C-glass/Epoxy 600 g/m 2 , small matrix crack were visible on the plate surface. This indicated that initial damage have caused matrix cracking and maybe slight fibre breakage in the upper skin might have occurred during the penetration process. For the back face macroscopical examinations, only for 6mm thickness for both types fibreglasses detected a rough shaped area of matrix cracking. This damage spread as matrix destruction started, followed by fibre damage under the projectile's head. The fibre damage became worse and the matrix cracking area became more circular. Fibres at the impacted surface were observed to have pulled and spears of fibres appeared at the end of the crack.
